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(57) ABSTRACT 

Structures for signal distribution are produced by applying a 
metallic seed layer over a semiconductor body. An insulating 
layer is applied over the metallic seed layer and openings in 
the insulating layer are produced by photolithographic pat 
terning of the insulating layer. Each opening in the insulating 
layer is trapezoidal in cross section such that an upper portion 
of the insulating layer is Wider than a loWer portion of the 
insulating layer. A conductor is selectively formed over 
exposed portions of the metallic seed layer. After selectively 
forming the conductor, the insulating layer is anisotropically 
etched such that portions of the insulating layer abutting 
sidewalls of the conductor remain. Alternatively, a second 
insulating layer can be formed and anisotropically etched. 

25 Claims, 3 Drawing Sheets 
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PROCESS FOR PRODUCING LAYER 
STRUCTURES FOR SIGNAL DISTRIBUTION 

This application claims priority to German Patent Appli 
cation 10 2004 005 645.5, Which Was ?led Feb. 4, 2004, and 
is incorporated herein by reference. 

TECHNICAL FIELD 

The invention relates to a process for producing layer struc 
tures for signal distribution. 

BACKGROUND 

In modern semiconductor technology, it is customary for 
terminals placed on a semiconductor Wafer to be diverted to 
other terminals by metal interconnects. This alloWs or sim 
pli?es external connection. 

The metal interconnects are applied to the semiconductor 
Wafer in a dedicated plane and consist of coated metal, the 
metals copper, nickel and gold, in this order, usually being 
used. 

To apply the metal interconnects, the semiconductor Wafer 
is coated With a copper seed layer. Then, a photoresist layer is 
applied and patterned by means of a photolithographic pro 
cess, thereby forming a photomask for the subsequent elec 
trolysis process. 

The openings, Which are formed, are then ?lled With layers 
of metal by means of an electrolysis process. After the pho 
toresist layer has been removed and the copper seed layer 
required for the electrolysis process has been etched, the layer 
structures for signal distribution are What remain. 

It is customary for the upper layer of the layer structures to 
be a precious metal, such as for example gold, With the result 
that the surfaces of the layer structures are as far as possible 
protected from environmental in?uences. HoWever, the base 
metals of the layer structure are also accessible at the side 
faces. 

This aspect has proven to be a problem, since oxidation and 
corrosion processes attack sideWalls of the layer structures, 
thereby reducing the service life of the layer structures and 
also the reliability of the circuit as a Whole. 

SUMMARY OF THE INVENTION 

The invention is therefore based on the object of providing 
a process for producing layer structures for signal distribu 
tion, Which avoids corrosion or oxidation at the sideWalls and 
thereby increases the reliability of the circuit. 

According to a ?rst aspect of the invention, the object is 
achieved by virtue of the fact that, after the ?rst photoresist 
layer has been removed, a second photoresist layer is applied, 
Which comprises positive photoresist and is completely 
exposed after it has been applied. 

For production reasons, the layer structures for signal dis 
tribution acquire the shape of an isosceles trapeZoid in cross 
section, With the longer of the parallel sides located at the 
surface of the layer structure. Therefore, there is an overhang 
from the top layer to the base of the structure. 

If the structure is then exposed vertically from above, as is 
the case in the process according to the invention, the over 
hang throWs a shadoW, and consequently the sides of the layer 
structure inevitably remain unexposed. 

If a positive photoresist is then used, as described in the 
process according to the invention, only the unexposed loca 
tions are activated. Regions that are in the shadoW of the 
exposure are therefore retained. 
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2 
The result of this effect is that at the end of the process 

according to the invention a photoresist layer remains at the 
sides of the layer structure. If an annealing process then 
folloWs the exposure and developing, the remaining parts of 
the photoresist layer are completely cured. 

This hardened photoresist layer provides effective protec 
tion against the effects of environmental in?uences and there 
fore prevents corrosion of the metals used in the layer struc 
ture. 

In another con?guration of the process according to the 
invention, the copper seed layer, Which has been applied, is 
removed by etching prior to the application of the second 
photoresist layer. 

Furthermore, it is of no importance to the process accord 
ing to the invention Whether a positive or negative photoresist 
is used to produce the layer structure for signal distribution. 
Therefore, positive photoresist can be used in one variant of 
the process according to the invention, and negative photore 
sist can be used in another variant of the process according to 
the invention, depending on What proves technologically 
expedient. 

In another aspect of the invention, the positive photoresist 
that is already used to produce the layer structures is exposed 
a further, second time. This exposure is usually carried out 
over the entire semiconductor Wafer and Without an exposure 
mask. 

In this case too, the favorable geometry of the layer struc 
tures forms a shadoW at the sides of the layer structures. After 
the exposed part of the photoresist has been removed, there 
fore, a protective layer remains at the sides of the layer struc 
tures and, after it has been cured by an annealing process, 
prevents the harmful in?uences of the environment on the 
metals and therefore protects the layer structures from the 
effects of corrosion and oxidation. In this context, the inven 
tion exploits the fact that With a positive photoresist the 
exposed parts are removed, as Was the case for the openings in 
the ?rst exposure step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is to be explained in more detail beloW on the 
basis of an exemplary embodiment. In the associated draW 
rngs: 

FIG. 1 shoWs a patterned photomask With an opening 
Which is trapezoidal in cross section; 

FIG. 2 shoWs the patterned photomask With ?lled opening 
folloWing an electrolysis process (prior art), 

FIG. 3 shoWs a layer structure for signal distribution, after 
removal of the photoresist layer; 

FIG. 4 shoWs the layer structure for signal distribution 
folloWing application according to the invention of a second 
positive photoresist layer; 

FIG. 5 shoWs the layer structure for signal distribution 
during exposure according to the invention in the positive 
photoresist layer; 

FIG. 6 shoWs the layer structure for signal distribution 
folloWing removal of the positive photoresist layer; 

FIG. 7 shoWs the layer structure for signal distribution 
folloWing the etching of the copper seed layer; 

FIG. 8 shoWs a patterned photomask formed from positive 
photoresist With an opening Which is trapezoidal in cross 
section; 

FIG. 9 shoWs the patterned photomask With ?lled opening 
folloWing an electrolysis process; 

FIG. 10 shoWs the layer structure for signal distribution 
during a second exposure step according to the invention in 
the positive photoresist layer; 
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FIG. 11 shows the layer structure for signal distribution 
following removal of the positive photoresist layer; and 

FIG. 12 shoWs the layer structure for signal distribution 
folloWing the etching of the copper seed layer. 

The folloWing list of reference symbols can be used in 
conjunction With the ?gures 

1 Patterned insulating layer 
2 Conductive layer 
3 Semiconductor Wafer 
4 Opening in the photoresist layer 
5 Layer structure for signal distribution 
6 Insulating layer, e. g., formed from positive photoresist 
7 ShadoW region 
8 Remaining portion of the insulating layer 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The draWings illustrate tWo different forms of the process 
according to the invention for producing layer structures for 
signal distribution. FIG. 1 to FIG. 7 shoW a ?rst process 
according to the invention, and FIG. 8 to FIG. 12 shoW a 
second process according to the invention. 
As illustrated in FIG. 1, conductive layer 2, such as a 

copper seed layer, is applied to a semiconductor Wafer 3. An 
insulating layer 1, such as a positive or negative photoresist, is 
formed over the conductive layer 2. The insulating layer can 
alternatively be an insulating layer such as an oxide, a nitride 
or an oxynitride. 

The insulating layer 1 is then patterned by a photolitho 
graphic process. The openings 4 Which are formed are 
approximately in the shape of an isosceles trapezoid, With the 
longer of the parallel sides located at the top side of the 
opening 4. 
A conductor 5 is then formed. For example, an electrolytic 

process canbe carried out by means of a voltage applied to the 
conductive layer 2 so that the openings 4 are ?lled With layers 
of metal. The metal of the top layer is usually a passivating 
precious metal layer, for example of gold. The result of this 
process is illustrated in FIG. 2. The loWer layers are produced 
from electrically conductive material, such as copper or 
nickel. As illustrated in FIG. 3, folloWing removal of the 
insulating layer 1 are accessible via the sideWalls of the layer 
structure 5. This entails the problem of the freely accessible 
base metals being exposed to the effect of corrosion or oxi 
dation. 

According to a ?rst aspect of the invention, this problem is 
solved by the fact that another insulating layer 6 is applied, 
preferably comprising positive photoresist. This positive pho 
toresist 6, illustrated in FIG. 4, is exposed in a further process 
step, as illustrated in FIG. 5. On account of the radiation 
impinging vertically from above and the geometry of the 
layer structure, shadoW regions 7 Which are not exposed are 
formed. Since the resist used is positive photoresist, in the 
subsequent stripping process only the exposed parts of the 
photoresist are removed. As a result, the unexposed parts of 
the photoresist 8 remain in place at the side faces of the layer 
structure 5, as illustrated in FIG. 6. Alternatively, any aniso 
tropic removal of the portions of insulating layer 6 that do not 
underlie the overhang of conductor 5 can be performed. 

After annealing of the photoresist residues 8 and etching of 
the conductive layer 2, a laterally sealed layer structure for 
signal distribution then remains. 

In a second process according to the invention, the photo 
resist layer for applying the layer structures for signal distri 
bution is formed from positive photoresist, as illustrated in 
FIG. 8. After the positive photoresist layer 6 has been pat 
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4 
temed in a photolithographic process, an opening 4, Which is 
approximately in the shape of an isosceles trapeZoid is 
formed, With the longer of the parallel sides located at the top 
side of the opening. Once again, the insulating layer 6 can 
alternatively comprise other materials, such as oxide, nitride 
or oxynitride. 
The application of a voltage to the conductive layer 2 then 

causes an electrolysis process to take place, With the layer 
structure for signal distribution 5 being applied. The result of 
this process step is a layer structure in accordance With FIG. 
9, as has already been described in FIG. 2. After the layer 
structure 5 has been applied, the positive photoresist 6 that 
remains is then exposed again. In the process, the trapeZoidal 
geometry of the layer structure forms a shadoW 7, illustrated 
in FIG. 10. The photoresist regions in this region are not 
exposed and are therefore not removed during the sub sequent 
stripping process. As illustrated in FIG. 11, therefore, What 
remains is a layer structure 5 enclosed in photoresist 8. After 
the exposed parts of the photoresist have been removed, an 
annealing process is carried out, curing the photoresist resi 
dues 8. After subsequent etching of the conductive layer 2, the 
end result is as shoWn in FIG. 12, With the side faces of the 
layer structure for signal distribution protected by the hard 
ened photoresist. 

What is claimed is: 
1. A process for producing layer structures for signal dis 

tribution, the process comprising: 
applying a metallic seed layer over a semiconductor body; 
applying a ?rst photoresist layer over the metallic seed 

layer; 
producing openings, Which are trapezoidal in cross section, 

in the ?rst photoresist layer by photolithographic pat 
terning of the ?rst photoresist layer; 

electrolytically producing layer structures for signal distri 
bution in the openings in the ?rst photoresist layer; 

removing the ?rst photoresist layer; 
after the ?rst photoresist layer has been removed, applying 

a second photoresist layer of positive photoresist; 
exposing the second photoresist layer; and 
removing exposed portions of the second photoresist layer. 
2. The process as claimed in claim 1, Wherein portions of 

the metallic seed layer are removed by an etching process 
prior to applying the second photoresist layer. 

3. The process as claimed in claim 1, Wherein applying the 
?rst photoresist layer comprises applying a negative photo 
resist. 

4. The process as claimed in claim 1, Wherein applying the 
?rst photoresist layer comprises applying a positive photore 
sist. 

5. The process as claimed in claim 1, Wherein remaining 
portions of the second photoresist layer, after the exposure 
and removal, are cured in a subsequent annealing process. 

6. A process for producing layer structures for signal dis 
tribution, the process comprising: 

applying a metallic seed layer over a semiconductor body; 
applying an insulating layer over the metallic seed layer; 
producing openings in the insulating layer by photolitho 

graphic patterning of the insulating layer, each opening 
in the insulating layer being trapeZoidal in cross section 
such that an upper portion of the opening is Wider than a 
loWer portion of the opening; 

selectively forming a conductor over exposed portions of 
the metallic seed layer, the conductor producing layer 
structures for signal distribution in the openings in the 
insulating layer; 
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after selectively forming the conductor, anisotropically 
etching the insulating layer such that portions of the 
insulating layer abutting sideWalls of the conductor 
remain. 

7. The process as claimed in claim 6, Wherein applying an 
insulating layer comprises applying a positive photoresist. 

8. The process as claimed in claim 7, Wherein anisotropi 
cally etching the insulating layer comprises: 

exposing the positive photoresist after selectively forming 
the conductor, the exposing step not exposing remaining 
portions of the positive photoresist, the remaining por 
tions underlying the conductor; and 

removing exposed portions of the positive photoresist. 
9. The process as claimed in claim 8, Wherein, after remov 

ing the exposed portions of the positive photoresist, the 
remaining parts of the photoresist layer are cured in an 
annealing process step. 

10. The process as claimed in claim 8 and further compris 
ing removing portions of the metallic seed layer after the 
exposed portions of the positive photoresist are removed. 

11. The process as claimed in claim 10 Wherein the metallic 
seed layer comprises a copper seed layer and Wherein the 
conductor comprises copper. 

12. The process as claimed in claim 11 Where forming a 
conductor further comprises applying nickel and gold over 
the copper. 

13. A process for producing layer structures for signal 
distribution, the process comprising: 

forming a conductive layer over a semiconductor body; 
applying a ?rst insulating layer over the conductive layer; 
producing openings in the ?rst insulating layer by photo 

lithographically patterning the ?rst insulating layer, 
each opening in the insulating layer being trapeZoidal in 
cross section such that an upper portion of the insulating 
layer is Wider than a loWer portion of the insulating 
layer; 

forming a conductor Within the openings and electrically 
contacting the conductive layer, the conductor being 
trapeZoidal in cross section such that an upper portion of 
the conductor is Wider than a loWer portion of the con 
ductor and such that the conductor includes sloping side 
Walls; 

removing the ?rst insulating layer; 
after removing the ?rst insulating layer, forming a second 

insulating layer over the semiconductor body including 
along the sloping sideWalls of the conductor; and 

anisotropically etching the second insulating layer such 
that portions of the insulating layer abutting the sloping 
sideWalls of the conductor remain. 

14. The process as claimed in claim 13, and further com 
prising removing portions of the metallic seed layer by an 
etching process prior to forming the second insulating layer. 

15. The process as claimed in claim 13, Wherein: 
forming a conductive layer over a semiconductor body 

comprises applying a metallic seed layer; and 
Wherein forming a conductor comprises electrolytically 

producing layer structures for signal distribution in the 
openings in the insulating layer. 
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16. The process as claimed in claim 15, Wherein the metal 

lic seed layer comprises a copper seed layer and Wherein the 
conductor comprises copper. 

17. The process as claimed in claim 16, Wherein forming a 
conductor further comprises applying nickel and gold over 
the copper. 

18. The process as claimed in claim 13, Wherein the second 
insulating layer comprises a positive photoresist, Wherein 
anisotropically etching the second insulating layer com 
prises: 

exposing the positive photoresist after forming the conduc 
tor, the exposing step not exposing portions of the posi 
tive photoresist underlying the conductor; and 

removing exposed portions of the positive photoresist. 
19. The process as claimed in claim 18, Wherein the ?rst 

insulating layer comprises a photoresist layer. 
20. The process as claimed in claim 18, and further com 

prising curing portions of the positive photoresist that are not 
removed during the step of removing exposed portions of the 
positive photoresist, curing being performed in an annealing 
process step performed after the second removing step. 

21. A process for producing layer structures for signal 
distribution, the process comprising: 

applying a metallic seed layer over a semiconductor body; 
applying an insulating layer over the metallic seed layer, 

Wherein applying the insulating layer comprises apply 
ing a positive photoresist; 

producing openings in the insulating layer by photolitho 
graphic patterning of the insulating layer, each opening 
in the insulating layer being trapeZoidal in cross section 
such that an upper portion of the insulating layer is Wider 
than a loWer portion of the insulating layer; 

selectively forming a conductor over exposed portions of 
the metallic seed layer, the conductor producing layer 
structures for signal distribution in the openings in the 
insulating layer; 

after selectively forming the conductor, anisotropically 
etching the insulating layer such that portions of the 
insulating layer abutting sideWalls of the conductor 
remain, Wherein anisotropically etching the insulating 
layer comprises: 
exposing the positive photoresist after selectively form 

ing the conductor, the exposing step not exposing 
remaining portions of the positive photoresist, the 
remaining portions underlying the conductor; and 

removing exposed portions of the positive photoresist. 
22. The process as claimed in claim 21, Wherein, after 

removing the exposed portions of the positive photoresist, the 
remaining parts of the positive photoresist are cured in an 
annealing process step. 

23. The process as claimed in claim 21, further comprising 
removing portions of the metallic seed layer after the exposed 
portions of the positive photoresist are removed. 

24. The process as claimed in claim 23, Wherein the metal 
lic seed layer comprises a copper seed layer and Wherein the 
conductor comprises copper. 

25. The process as claimed in claim 24, Wherein forming 
the conductor further comprises applying nickel and gold 
over the copper. 


